This article provides the first expenditure approach estimate of purchasing power parity (PPP) converters for 1934-36 Japan, Korea and Taiwan. We matched all together 70 to 80 types of goods and services for private consumption, government expenditure and investment using three levels of weights derived from actual expenditure surveys. We find that the 1934-6 average prices of Korea for private consumption, investment and government expenditure were about 0.86, 0.89 and 0.98 times that of Japan respectively; and for Taiwan 0.84, 0.87 and 0.95 respectively. This gives the 1934-6 Korea and Taiwan overall GDE average price levels of 0.87 and 0.86 respectively that of Japan. Our new benchmark estimate is an improvement over existing converters based either on exchange rates or the 1990 backward projection method, which was embedded with index number biases. It provides a vital link for a long-term overview of structural change, ethnic income distribution and the historical convergence or divergence for these three economies in the past century. This article provides the first expenditure approach estimate of purchasing power parity (PPP) converters for 1934-36 Japan, Korea and Taiwan. We matched all together 70 to 80 types of goods and services for private consumption, government expenditure and investment using three levels of weights derived from actual expenditure surveys. We find that the 1934-6 average prices of Korea for private consumption, investment and government expenditure were about 0.86, 0.89 and 0.98 times that of Japan respectively; and for Taiwan 0.84, 0.87 and 0.95 respectively. This gives the 1934-6 Korea and Taiwan overall GDE average price levels of 0.87 and 0.86 respectively that of Japan. Our new benchmark estimate represents an improvement over existing converters based either on exchange rates or the 1990 backward projection method, which was embedded with index number biases. It provides a vital link for a long-term overview of structural change, ethnic income distribution and the historical convergence or divergence for these three economies in the past century.
The rejuvenation of growth theories and the rise of the "new" growth theories in the past decade have revolutionalized our intellectual thinking on issues of long-term economic development. Central to the empirical works of this burgeoning theoretical literature is the compilation of historical national accounts data in purchasing power parity (PPP) terms, exemplified by the masterly scholarship of the Penn World Table group and Angus Maddison.
While the debate on whether global economies are converging or diverging over time is still on-going, the miraculous rise of Japan, Korea and Taiwan from the aftermath of WWII has been undoubtedly a source of inspiration for the convergence school, as well as other aspiring developing economies. The past two decades have also seen a flourishing of scholarly works on the role of historical factors -particularly their shared colonial heritage in the pre-WWII periodin the long-term economic development of these three economies. An important milestone in this literature is the systematic reconstruction of times series macroeconomic indicators of Korea and Taiwan in the pre-WWII period using detailed statistics compiled by the Japanese government and its colonial administrations in Taiwan and Korea. This culminated in the publication of the statistical volume compiled by Mizoguchi and Umemura (hereafter referred to as M&U) and published in 1988, which provided annual estimates of GDP and its various components for Taiwan and Korea in the colonial period.
The GDP series of these three economies in the M&U volume is based on the official one to one exchange rate, which shows the Taiwanese and Korean per capita GDP at about 60% and 40% respectively of the Japanese level in the 1930s. It has long been revealed by the purchasing power parity (PPP) doctrine that exchange rate conversion of international per capita income, which fails to incorporate relative price level differences in the non-tradable sector, tends to systematically underestimate the real per capita income level of the lower income countries (in this case Taiwan and Korea) (Balassa 1964 , Samuelson, 1964 , Bhagwati, 1984 .
The GDP series in the M&U volume also formed the basis of Angus Maddison's national accounts series for the colonial period. To arrive at globally comparable series, Maddison consistently used the 1990 benchmark PPP to project backward using domestic real GDP growth rates. Surprisingly, the Maddison backcast series based on the original M&U data, gives the Taiwanese and Korean per capita GDP at 63% and 70% of the Japanese level around 1935 respectively, reversing the per-capita income ranking in the M&U volume.
As a resolution to this jarring discrepancy, this paper launches a full-fledged pre-War expenditure PPP for Japan, Taiwan and Korea in 1934-36 . For private consumption, we conducted a three way bi-lateral matching of 50 to 60 types of goods and services, with threelevel consumption expenditure weights derived from detailed household budget surveys. For private investment and government expenditure, we matched over 20 types of goods and services for these three economies. We find that the 1934-6 average prices of Korea for private consumption, investment and government expenditure were about 0.86, 0.89 and 0.98 times of that of Japan respectively; and for Taiwan 0.84, 0.87 and 0.95 respectively. This gives the 1934-6 Korea and Taiwan an overall GDE average price levels at about 87% and 86% of the level of Japan respectively. Under Japanese colonialism, all these three economies issued currencies denoted as yen, convertible within the empire at the 1:1 exchange rate. This alternatively meant that, in our case, one Japanese yen was equivalent to 0.87 Korean yen and 0.86 Taiwanese yen in PPP terms, which would translate the 1935 Korean and Taiwanese per capita income into about 43% and 78% of the Japanese level respectively. This pre-war PPP estimate confirms the PPP doctrine that exchange rate conversion would under-estimate the real per-capita income of the relatively under-developed countries, Taiwan and Korea in our case. It also shows that the Maddison back-projected series, while under-estimating the per-capita income of Taiwan, exaggerated the pre-war Korean per-capita income. Clearly, there are serious index number issues embedded in the backward projection method that ignores long-term relative shifts in a country's terms of trade and economic structure as well as possible errors in the real GDP volume index.
Our 1934-36 PPP benchmark provides a vital link through which we can examine issues of long-term growth trends for these three economies. In this paper, we supplement our statistical exercise with a historical and quantitative analysis of economic changes between the mid-1930s and 1990. The rest of the paper is divided into three main sections followed by a conclusion.
The first section provides a detailed explanation of our PPP estimation procedure and results.
The second section offers a preliminary analysis and some conjectures on the sources of the biases inherent in pre-War exchange rate conversion and the 1990 benchmark backward projection method. Section III is a brief application our PPP estimates to the overview of longterm overview of structural change, ethnic income distribution and the historical convergence or divergence for these three economies in the past century.
I. The 1934-6 Benchmark PPP
Japan's colonial acquisitions of Taiwan and Korea were the spoils of two military victories, the Sino-Japanese War of 1894-5 and the Russo-Japanese War of 1904-5. These victories also marked important turning points for Japan's evolving monetary integration with the global economy. The massive war indemnities that Japan managed to extract from the defeated Qing paved the way for her conversion to the gold standard in 1899. Through the victory of the 1905 Russo-Japanese War, Japan began a process of bringing these two formerly silver based Taiwan and Korea colonies into the gold exchange regime. By the 1910s, both colonial Korea and Taiwan were set on a de-facto "Japanese yen exchange standard," -the two colonial Central banks, the Bank of Korea and Bank of Taiwan, issued their bank notes as circulating currency convertible to the Bank of Japan notes which served as the de-facto reserve currency. All three bank notes were denoted as yen evaluated at the 1:1 exchange ratio within the empire. Concurrent with Japan's monetary integration was a process towards trade integration within the colonial empire. By the 1930s, the three economies under the colonial empire became closer to a free trade bloc protected by a common external tariff.
2 The objective of the Japanese colonial economic policy had been to convert Korea and Taiwan into peripheries supplying agricultural commodities such as rice, sugar and industrial raw materials to the industrialized metropolis, Japan, in exchange for her manufactured products.
and rural surveys with consumption expenditure information are only available after 1930, Mizoguchi also used this benchmark period for his construction of the consumer price index.
In our study, we make full use of the unusually rich and high-quality statistical data (by prewar standards) compiled by the Japanese government and its colonial administration that employed reasonably consistent standards, terminologies and methodologies for their statistical system within the empire. We also benefited from the wealth of information and worksheets accumulated under the Long Term Economics Statistics Project (LTES) initiated by Professor Kazushi Ohkawa at Hitotsubashi University, which produced long-term nominal and real GDP series for Japan and was later extended to colonial Taiwan and Korea by Mizoguchi and others. 4 Retracing the steps they used to construct GDP and the consumer price index provides us a shortcut to an otherwise extremely cumbersome PPP computation. Given the above, we believe our study is differentiated from some other similar pioneering studies which had to compromise with the narrow set of commodity prices used and simplifying assumptions of expenditure weights due to the data constraint for most non-industrialized countries in the pre-War period (Jan Luiten van Zanden 2002, Bassino and van der Eng 2002, Nakagawa 2000). Our study is thus closer to the methodology used by several rounds of the ICP studies for the post-WWII benchmark period (Heston and Summers 1993 and Maddison 1995) .
The 1934-36 Consumption PPP
For our consumption PPP estimation, we collected absolute prices for items included in consumers' expenditure for major cities of different regions within these three countries. We treated each country's price as the simple average of the prices of these major cities. For Japan, the cities included are Tokyo, Osaka, Kyoto, Nagoya, Yokohama and Kobe. For Korea, they are We then derive the consumption expenditure weights at three levels of aggregation (upper, medium and lower). Table 1 presents the aggregated five-item upper level rural and urban expenditure weights for these three countries.
Insert Table 1 To compute PPP, we use our database of absolute prices that matched altogether 61 types of goods and services for Japan-Korea, 58 for Japan-Taiwan and 41 for Taiwan-Korea. Our database also included the service sector such as utilities (domestic lighting and heating cost).
Data on housing and medical expenses are difficult to obtain, thus we follow Mizoguchi (1971 Mizoguchi ( , 1975 and use residential construction cost (e.g. wage of construction workers, price of cement and so on) and annual salaries of doctors.
Using the matched prices and the detailed three level consumption weights, we carry out a standard PPP computation of a three way bi-lateral comparison of absolute prices with Japan serving as the numaire country. For n numbers of goods and services, Japan's (sub-or superscripted as J) price level relative to that of country i, (i = Korea, Taiwan) is calculated as follows:
The formule using i country's consumption weights is:
Finally, the geometric average of the two price indices (the Fisher index)
× =
gives us i country's absolute price level relative to that of Japan.
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The detailed price matching, consumption weights as well as data sources and methodologies are explained in Appendix A along with three data tables A-1, A-2 and A-3. Tables A-1 and A-2 show that the average consumer price levels of 1934-6, Korea and Taiwan are 0.86 and 0.84 times that of Japan respectively. Table A-3, which gives a direct bi-lateral price matching of Korea and Taiwan, shows the Korea price level at 1.03 times that of Taiwan, confirming the three-country transitivity conditions for relative price levels. The summary information of relative price levels is in Table 2 . 7 Insert Table 2 The PPP for Investment and Government Expenditure For estimating PPP for investment and government expenditure, we use similar methodology -multiple levels of weights and the fisher average -as in our consumption PPP calculation. For items and their weights, we follow Mizoguchi (1975) for Taiwan and Korea and match them with the comparable categories in the LTES volumes on Capital Formation and Government Expenditure (vols. 4 and 7) for Japan. For prices related specifically to the investment and government sectors, we utilize several industrial and factory surveys conducted 6 The summation sign is summed across the n types of goods and services. 7 Note that our consumption PPP price database reveals Taiwan as having relatively the lowest price level in food and agricultural products. This may be partly attributable to Taiwan's more favorable factor and natural resources endowments as well as her relative geographic remoteness from Japan and Korea, which are located next to each other. For example, freight rates of rice shipments from Osaka-Kobe to Taiwanese ports around 1940 were about 30 to 50 percent higher than they were to major Korean ports (The rates were 0.85 yen and 0.88 yen per tan respectively between Osaka, Kobe of Japan and Keelong and Kaosiung of Taiwan, but 1.4 yen and 1.66 yen per koku (1 koku = 2.5 tan = 150 kgs between the Japanese ports and Pusan and In'chon in Korea) (Okazaki 1942, pp. 465 and 494). by the ministries of the three governments. Prices for other items are retrieved from our price database for consumption PPP in the Appendix tables. Table 3 gives the average relative price levels of the investment for these three economies, which are also disaggregated into equipment and construction categories. For equipment investment, average price levels in Taiwan and Korea are actually higher than that of Japan -at about 1.64 and 1.55 times respectively, confirming the predominance of Japanese direct capital investment in these two colonies, particularly in modern machinery and transportation (Yamamoto 2000, chap. 6) . Price levels for construction investment in Taiwan and Korea that relied more on local materials and labor are at about 74 and 79 percent of the Japanese level respectively. Overall, the average price levels of private investment in Taiwan and Korea are fairly close to that of Japan, at 95 and 98 percent the level of Japan respectively.
Insert Table 3 Table 4 presents the relative price levels for government expenditure further disaggregated into two broad categories of labor and materials costs. It shows that the average labor costs in the government expenditure of Taiwan and Korea -calculated as the total labor costs divided by the number of government staff -are actually 46 and 18 percent higher than in Japan respectively. Clearly, the high wages and shares commanded by the Japanese staffs in the colonial governments were making the Japanese colonial administration very costly to the two territories.
In contrast, price levels for the material costs in Taiwan and Korea relative to that of Japan are roughly comparable to those in our consumption PPP. Overall, relative price levels for government expenditure in Taiwan and Korea are 0.87 and 0.89 times that of Japan respectively.
Insert Table 4 Table 5 summarizes our PPP calculation for consumption, investment and government expenditure. Using the respective weights of these three sectors, we derive the overall relative price levels for GDE for Taiwan and Korea at 0.86 and 0.87 times that Japan for our 1934-36 benchmark period.
Insert Table 5 II.
PPP Converters, Exchange Rate and the 1990 Backward Projection
PPP vs. Exchange Rate
Using the information from Table 5 , we now present our benchmark PPP adjusted per capita GDP of these three economies alongside the exchange rate converted estimates in Appendix B provides a more rigorous and formal presentation for the calculation of the above implicit GDP deflator. of Table 7 are the derived GDP deflator from Maddison's back-projected series for Korea and
Taiwan. In striking contrast to our PPP study which gives both Korea and Taiwan price levels at about 85% of the Japanese level, the Maddison series shows a Korean price level (or GDP deflator) about half that of the Japanese level but that of Taiwan at similar or even higher levels than in Japan for the selected years of . The consequence of these contrasting comparative price levels on their respective per-capita GDP estimates are captured by Figure 1 which presents a confrontation of our estimates vs. Maddison's using the information in Table 6 and columns 9 and 10 of Table 7 .
Insert Table 7 and Figure 1 The 1990 backward projected series that ranked the pre-War Korean per capita income higher than that of Taiwan runs counter to well-recognized historical studies and other related statistical findings. It is commonly known that backward projection suffers index number bias.
In Appendix B, particularly equation (1) To reconstruct the War period GDP series is clearly beyond the scope of this paper. However, some conjectures on the backward projection bias in the Post-War period in the context of our theoretical framework regarding the Gerschenkron and terms of trade effects can be made.
Some Conjectures on the Sources of Biases in Backward Projection
Although we do not have data to test directly the Gerschenkron effects, it can be surmised that as the post-War GDP indices for Korea and Taiwan were linked series, the Gerschenkron effects can be somewhat mitigated at the switch of benchmark years. We do have Post-War terms of trade data for both these economies. However, the data series show ambiguous results: both Taiwan and Korean terms of trade indices, all expressed relative to that of Japan, remain roughly unchanged between 1963 and 1990 . Mizoguchi (1975 2) also constructed 1934-36 benchmark pre-War terms of trade indices for Taiwan and Korea (relative to Japan) and linked with the Post-War period. His linked series shows the Taiwan terms of trade improved slightly over Korea during this period, a result in contradiction to our theoretical predictions. 10 Clearly, the quality of these terms of trade data is far from ideal for our purpose here. We hope future research with more extensive data-compilation could shed further light on this important issue based on our 1934-36 benchmark PPP result.
III. From Colonial Empire to Economic Miracles: a PPP Perspective
Our 1930s PPP benchmark a vital link for a long-term overview of economic transformation in these three economies, which saw a leap from the high stage of Japanese colonialism to the pinnacle of the East Asian miracle between 1935 and 1990. While in 1935, the external trade (imports plus exports) to GDP ratio in Korea and Taiwan already reached 58 and 70 percent, they increased to 76 and 80 percent respectively in 1990. 11 However, the change was far more structural than quantitative. In 1935, 90 and 76 percent of total exports from Taiwan and Korea respectively consisted of a narrow range of agricultural and primary products. In 1990 more than 90 percent of these two countries' exports were industrial products ranging from labor-intensive textile goods to high-tech and machinery products. For Japan, a similar but less drastic transformation occurred with primary and agricultural exports reduced from 13 percent in 1935 to less than 0.6 percent in 1990 (M&U Tables 61 and 64, Yamazawa and Yamamoto Tables 3 and 4 This point is supported by information culled from the urban household budget survey in Taiwan, used in our PPP study for expenditure weights. Table 8 shows that controlling for occupation, urban per capita household income of Taiwanese residents was only 52% of that of the Japanese residents in Taiwan. In fact, the per capita income and expenditure of Japanese residents living in Taiwan, if adjusting for our consumption PPP, would be roughly 40% higher than their compatriots of the same occupation living in Japan in 1937.
Insert figure 2 ). 15 Thus, the Post-War period marked a huge catch-up for the average citizens of all these three economies on a global scale.
Conclusion
Our study provides a set of pre-War benchmark conversion standards for comparison of income, consumption, investment, government expenditure as well as other monetary indicators of these three economies in the pre-WWII period for Japan, Taiwan and Korea, a standard that is 14 Population share figures from M&U, Table 23 on p. 256.
superior to both the exchange rate conversion and backward projection, each dogged by its inherent biases.
Our pre-War PPP confirms that the exchange rate conversion consistently under-estimated Taiwan and Korea's per capita income relative to that of Japan as predicted by the factor proportion and productivity differential models. Furthermore, our PPP result reveals the substantial exaggeration of Korea's pre-War per capita GDP given by the 1990 backward projection method. Our preliminary analysis offers some conjectures that both the backward projection biases in the Post-War period and problematic War-period GDP series may account for this erroneous result. It is hoped that this exercise, though preliminary, could point the way to future studies on this important issue.
We believe our pre-War PPP benchmark could provide a solid footing on which the long-term issues of economic convergence or divergence in these three regions can be analyzed. This study aims to lay the foundation of a framework, which not only insists on a historical view where postWar economic growth should be tied with pre-War economic conditions, but also an integrated East Asian framework under which neither the one and a half century of modern economic growth in Japan, nor the post-War economic miracles of Taiwan and Korea should be studied independently from each other. Our future research plans to extend our 1930s PPP benchmark to Consumption expenditure weights vary by levels of aggregation according to the source of data. We use three levels of weights, the upper (the most aggregated 5 levels), the medium and the lower level, denoted as "U, M, and L" respectively in the Appendix tables. These weights are based on a combination of household budget surveys conducted for cities and rural areas. Notes: "2" is the consumer price for Tokyo and Taipei, "3" is the regional average retail price for 1934-36, "4"is the retail price of Tokyo and Taipei. All others are regional average consumer prices. We use the superscript E for PL E i to denote the extrapolated price level to distinguish from the current price level which used the superscript C.
A-3 Korean Price Level Relative to Taiwan
Note that the numerator of PL E i (t,90) is just Korea or Taiwan's current price per capita GDP converted to U.S. $ at the nominal exchange rate of time t. The denominator is Maddison's 1990 benchmark back projected Korea or Taiwan real per capita GDP at time t expressed in GK dollars, which is the product of its 1990 GK benchmarked per capita GDP and its real GDP growth rates in their domestic national accounts between time t and 1990.
Following Hestons and Summers (1993), we define the ratio of country i's benchmark PPP over its exchange rate as country i's current price comparative price levels (here with Japan being the benchmark country) by: CPL . (Since exchange rates in our mid-1930s benchmark studies are 1:1, the P i,J used in Table 2 is equivalent to CPL C J i, ). Again with Japan being the benchmark country in our study, Korea and Taiwan's implicit GDP deflators relative to the Japanese price should be CPL (t,90) , which is the formal version of the calculation for columns 7 and 8 in (1). Equation (1) decomposes the source of Maddison's deviation from the current price benchmark estimation into two components. The first item of the equation is country i's Laspeyres price index in GK international price between time t and 1990 using its t period quantity weight. For a relatively open and price-taking economy, this price index can be approximated by that country's Laspeyres terms of trade (export price index divided by its import price index) from t to 1990. Thus, an improvement (or deterioration) of country i's Laspeyres terms of trade between t and 1990 could cause the 1990 back projected estimate to over-estimate (or under-estimate) country i's t period per capita GDP relative to its t period benchmark PPP estimate.
The second term of equation (1) is the ratio of a Paache quantity index (using the 1990 GK price weight) over a Laspeyres quantity index (with the weight of the t period domestic price). This ratio, which measures the discrepancy between real growth rates using the later period price weights and base period weights is broadly known as the Gerschenkron effect. This effect tends to be larger for economies experiencing greater structural and relative price changes during the studied period. Whether or not this effect over-or under-estimates a country's t period per capita income depends on if there is a positive or negative correlation between the changes in the relative prices and quantities of the corresponding sectors.
The Gerschenkron effect arises from the use of later and base price weights both of the same country. In our case, the later price weights are the Geary Khamis international price of 1990. We are thus assuming the discrepancies in real growth rates using 1990 GK price and 1990 domestic price are relatively small, far smaller than using domestic later and base price weights. For a discussion of the Gerschenkron effect, see Edward Ames and John Calrson (1968) .
For our tri-partite comparison, which can be written as: Z i (t,90)÷ Z J (t,90) = CPL
